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DEPARTMENT OF THE ARMY
HQ, US ARMY AVIATION RESEARCH AND OEVELOPME'T COmhAhi)

4300 GOODFELI.OW SCULl U, ST. I.OUIS, tO 631I2

DRDAV-D

SUBJECT: Directorate for Development and Qualification Position on the

Final Report of USAAEFA Project No. 79-08, AH-lS (PROD) Airworthiness

and Flight Characteristics for Instrument Flight

SEE DISTRIBUTION

1. The purpose of this letter is to establish the Directorate for Development
and Qualification position on the subject report. The Airworthiness and Flight
Characteristics (A&FC) test was conducted to evaluate the instrument flight
characteristics of the AH-IS series helicopters and determine airworthiness

qualifications under instrument meteorological conditions (IMC). The original
IMC restrictions had been determined based on testing of the AH-IG. Several

significant changes had been made to the AH-lS which prompted a new IMC

evaluation. These changes included an increased gross weight, SCAS gain
changes and airspeed system relocations. Based on the subject report test

results the AH-lS cannot be qualified for flight under IMC due to the significant

deficiencies identified.

2. This Directorate agrees with the report findings and conclusions. The

lollowing comments are made relative to the findings and conclusions and are
directed to the report paragraph as indicated.

a. Paragraph 42a. The poor cycle control mechanical system characteristics
(longitudinal and lateral) significantly degraded the AH-lS IMC flight
characteristics and resulted in an unacceptable pilot workload as well as

adversely impacting the pilot's capability of precise aircraft control. Major
poor system characteristics included excessive breakout plus friction forces,
unbalanced control position gradients and excessively wide trim control dis-

placement bands.

b. Paragraph 42b. The large airspeed position errors exhibited during
power changes significantly degraded the pilot's ability to maintain desired
airspeeds and rates of climb/descent within reasonable limits under simulated
IMC conditions.

c. Paragraph 42c. The easily excited lateral gust response resulted in

large roll attitude changes of up to 10 degrees with no tendency for the air-

craft to return to the trim roll attitude. This resulted in considerable

pilot concentration to correct at the degradation of other cockpit requirements
such as navigation, tuning radios and maneuvering during approach.
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d. Paragraph 42d. The vertigo-inducing location of the UHF, VOR, ADF and
transponder control heads added significantly to the pilot workload under IMC.
This deficiency is adversely impacted by tb.e deficiencies discussed in par3-

graphs 2a, 2b, and 2c above.

e. Paragraphs 4 3a through 4_ . The shortcomings discussed in these para-
graphs compounded the difficulty of conducting IMC flight on the AH-IS. When
considered in conjunction with the deficiencies addressed in paragraphs 2a

through 2d above they resulted in significantly degraded flying qualities; under

IMC flight.

f. Paragraphs 4 4 a through 44e. The non-compliance to relatlve paragraphis
of .'4L-H-850iA or deviations contained in the AH-lS Detail Snecificatlon are
significant factors in the unacceptable IMC flight qualities of the AH-lS.

3. Correction of the deficiencies specified in the subject report are required.

for airworthiness qualification of the AH-lS for flight under IMC. Slicb
qualification is feasible with PIP action as stated below.

a. Cyclic control mechanical system characteristics. Short titym solutions
would require a modified rigging procedure to minimize contioL function. Long
term solution would consist of providing pilot adjustable cyclic friction,

changed spring force cartridge and tailoring of spring centering cartridge.

b. Airspeed position error. An acceptable short terv solution is not
identified. Long term solutions would include possible tio-in tu the air dat.a

sv' em or relocation of pilot-static system.

c. Lateral gust response. An acceptable short term solution Is not

identified. Long term solutions would include tailoring roll and yaw SCAS

axis gains and lag rate damping for desirable flying qualities.

d. Vertigo-lnducing locations of the UHF, VOR, ADF and transponder control

heads. Short term solution would be human factors onalysis and wiring study
tc optimize current installation. Long term would consist of human factors

analysis and radios study to optimize future Installations.

FOR THE COMMANDER:

CHARLES C. CRAWFORD, IR.
Director of Development

and Qualification
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\11'rrntir'rt( rrnlrhuri INWt) iv:v iirI)Iri W \'I ItIiIN\ )I0 11, h-I 'III il \11 If
oI, Appj AI). Adtlir'rrt tirlif ILL-tltl kv;is Iiiti~c (ITi Al \l ISr h, II. dti

irriir~r'irttrihit~iI~rliil. rn t~ rrst~rI~ntmnr Illkic lit- l.i f,u\I III

ain Al V-I G. lie Unitedl States A-\myr Aviation lIngnleeiit! I lielit.\ i

I SAAITA ) WaiS directed by tile United StateS Army Aviat ion kesciic ridt
IDevclopmin C omnin d ( AV RAI(OM to Conduc~kt an irx tins ant~ ! ihi q
chara~cteristics ( A&F( ) test of the All- IS IProthlb I'm tNWI-hlft Met '. \pp, \t
Previous test otl tile All-IS (1:( AS) (Ret 3. App A) indicajted t11L IIthI !
control chrac~rteristic,,(1 otile All- IS (I[(AS) arid AlIHIS WiPokl * rr

TEST OHJV lCIVES

I I le wl Aijvctive, were j 10 11Wrttt~~ vlaetefrsflfei i
drwtrsis(ft the All- I S ( Prod)t helicopter vefi 1,!i ' rTrrfri I 'TCII101 (

ectioli 0 (I t rrrilrtlr\ specitfecationr kih -11-S5(1.) *\,,et-I .. App i. ndOtv
MIer 1IoternIat W thetlL All- IS tlAS)thriner't I%1( qrltitiliol It'lr.
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),II \riirfr1 5 3-1 (03 turtmrotatt engrirne tleirtsr~rielxrated rit 0)(th) hsili
IfsIvC10eC (SlIP) :1t Sea-leVel stiinitrd-day eordiiorr leai~teni hv Inar irftsrr

ifmit iri'. to I -")I) Sill' o'r 310 minrutes arnd I 1 1. S1ll' hrtrrrlsrfrIrr
I )rxIrr m trtc tc:it urs W I the lrelicopter ifrehtitte t 1Ire T~ rrr I I~qI;Is liIere st ll rL-w\It III
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1)r s- L II I I~ i,,- (e 11c III nx r t llira ri l I e c A I :111di \ItpnIlI \ It
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~~~t~ iriil I M( V) llrissite larrurcitcrs rIII caiti nili an!ile titi 'ni! xi Mif,

ht[I hst0mtvewrzhr Iarr11il IM ~ IMu l ut tW tII f NO htif stil shl!01fs P
hIn itI III ri W ( A'r n . 1)I Inc t li t t \av I 'rhnrrref th i i Mlii rfivf N If1 e
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of 16.3 flight hours. Flight restrictions contained in the operator's manual ( Retf 5.
App A) and the airworthiness release (Ref 6) were observed. Flight test condition-
are summarized in Table 1.

TEST METHODOLOGY

6. Testing was conducted in two phases. The purpose of the first phase was to
quantitatively evaluate the handling qualities characterisitcs using standard test
techniques and data reduction procedures described in Reference 7, Appendix A.
The purpose of the second phase was to qualitatively evaluate the handling qualities
characteristics while performing simulated IMC flight tasks. Perfomiance standards
associated with successful performance of the task are those contained in Aircrcs,
Training Manual (Ref 8, App A). During all testing, data were recorded on magnetli,
tape with pilot comments hand recorded as they were made. The data parametcrs
are presented in Appendix C. For the phase two test, all special test instrumentatiol,
and displays were removed from the pilot's station, and the cockpit was configurned
in accordance with the operator's manual. A Handling Qualities Rating Scale
(IIQRS) (App D) was used to augment pilot comments relative to handling qualities
and instrument flight task.
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______ RESULTS AND DISCUSSION

(A-MNLZAL

lie A I V-I S Vlrod ) lietieiitti " w, C0(i ed~ ti) Inet iuteiitIi I' I h I I Il-1 1 ( AS
i et theI I INI( iI I I I I uI it n t 1Ii ;i1 ct, Id thlI ed 1)t N i I 11i.11 ' l( 11, 1111
NiIll1-8501lA (Ret 4, Aplp A). [hie Ali-IS (P~rod) i not uihlot i.iji III
Instrument iietciirigicail coiidjtion. %% hid) MIerN tlhat the All- IS (I ( AS Il ik,
nuot he s~uitable. I out deliclince ser in tilhei h, tati~taetor\ 1SI,11'ii10
N, Steiti f1ItcfIanc ctiralt-ristics, large l'itit-NtAti N\ stemII ailisI)Cit Climill II imit
and deSCerIII IeSik C\ i teilI lateral gust CspouIse. and \erIlgo iriduilug h, ;u1i~ WI
radio Con"trol panels. Adhltionall Nexe'li Nhiortcoming\ were noited PlliI
later-al-directional oscillations, lateraLl tiil Chan CS W ithi airspeeCd. weak >
longitu1.dinlal stabilit at cruise airspeed, an enrineFI-tORILue oSilaion. dI0\
power change, location 01 hivirounmeital Control Systm H(I Si contol ie
obstructedI Vie of vertical inde\ reterence madrk onl lihiot's attitude iiIilt
tife lack ot storage space tIIr inlstrUMent 11in01t p)Ubications' Mid ekiLuIpiiieiit

HANDILI\, QIJALITILS

Gecneral

J'IN W Ih,' ll 'te i j IIi t ' Sliu iiuii' 1iiit, ~ tJe dckicii un t 11 1

the enIne pwer to staIhili/e.

(scht. (omirol SvsIcm Chiaracetristics

i. ( "ei ,oiii ssstiitl cratrit c ~rc nueasiired in a -.t~uti ii K

k-scrihett inl the lest lecctniIIIie-S setiunl oh ApeI)iidIX 1). (ontr1ol ore1 , N a11 lii. 1
(,t moitol di~plaecinenit i"IN pre sente d Inl I wce 1 11iI 7' Appe ii~h\ I .1
NIIIIIIIIiri-/Cut fit lahte 2' (umtrul slktni NI i tr~tc ill tlitI it \\cik .jlltit11\ej1\
,'satiiteI~l aX hVII !!e esseiiti~ill ths Naiii I,, tti'ise oh' l-ei i ilul tlu, NI~tit k-1
toiiiII' his dcitL litd ,ihi i

tt( Pruim to the tcest. -,s clie t rictuiun 1 10t ;iiljiistite1 tIiiil ' klhit h% IN NI Iti 11

nAll iiatuer hFk I iliac (t n iicluilce! f riictio i co t lot.( ch'' p I f l Ihi ieti~iu
mnill l11it r oi l ifko ii tints' I11 iitctiii t h li' ttu iit , 11ii I0 l ii % 11 -SeisiN) j'' Iii Xiil ;11

Sn i'9 'i1i7- '98A 5 (teie 19i79 1 Ret Itt) App At1.
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ai m Lgti~t tip'kt liii, i. Iatitgiifi and ,i II. crtpl. It-o %kIIII i i .I 'Io I k' III

lpositionl gradienit (2 i pounds per inch) that is less than Ilth brakoIjI 'j iictiori
lorcc. thie result is a contiol displacemnt t hat miore iiearlN i esetll- ifs 'tep or lj'i I K
nrput with trequL-nt overshoot. The step or ;,)ik,, ilpur occurs ile'atise the arm
mwclic (locS tlot read il accontiniati thev force discoilttfit\. Th problen exit'S in
both lateral ani! Iorieitiidinali axis and is further aniplitid' by thle tr-e(quericy and

severity of ali\ gust n pso. Tilhe existence of- a trim cont ml displacemnen t hand.

of I S inches longitudinally and 1.2 inches laterally, elimninates the foruFL (cIe 'XhiChI
would normailly assist in returning the cyclic stick to the trimi condition once It hadl
been displacled. The tffect of' thesc unsatisfactory citaractcrist ik- onl thle pilot s

hilt: to cotomfe~ir a! is klisejissed mlore' fillsV in) 1aatapi 124 1~rough 40).
flie poor c ,clic Conutrol systemt nmeclianical chara,'Cristics are a i lctIiie It" 0" %(
ote; Ition

Control Positions in Trimniied Forward Flight

2. ("nt1o1 p)OSIU0m1 %%L-rc dletrmined Ii trinnid Csi clnhibi2 liCend1lng,
alit1 aitort!tolla! light with thle iiruai ti thl.cd at /'I rstl(esl 1 lT10 tlti
~OTIdtIons hstcdL ill I . using tile technikiue de 'orAr.'. -st
r,.sults art, fnrcoeriicl ;I ~r Ap

VI net11dii F 1.sl i t I-! ) pit lfionr varitions i ic e sk, I Itl i tI I I *' L, i r, f eL,
andL dis;played Ii reasing tors~ard control Wsith irkrcasirig airspkec.d I okerTil ontrol
position at tlite condition, tested shows significant trim chiange sci! i'pe xcept

hrdesce~nding flieht [hcsc trin; change,'s weraticlil )otIcrt In in ks A and(
cljinbil" tlialt duew to 1kti.lincallcrity. A laiter al -(ent 01 tfill) Ai I-! ( nTI

., 1)rc iCxci li 1 issee 1kI 1CCI 0 KCAS and 120 K( AS. wkithi. ltettilta
airspeed cliaree :Ogiid 1.1 inches of longitudinall :oi~trotl travks> lit litI re'sult is,
'1u1 ncoinlortat Ic ict torn ardl snovetrteli of t)e cy lAte [o a I' Il fettile
I(lngitUdinal aXIS Ot thc, fitc.rai't. Pit.: tlral !rim chlnngke" %\ iti p v)\ mI r'p'ced
ar-c Ji lim rt onll ite

4.A pci\,istent eiqauc 1 ,rtIuc ocill11ationlA ' Ls I ';!d cat> mi, (1 '. 110V~ ci w',a."
chlxtrici J. Iligsirc A slmiosss torlque: oscillations, OCCnrn'11 ii t ap pr i~it lisrc cycles"
per !:2,flon. I his pcr';iisien I enlie0 torqueI Oscillationi is 1 inll, "Wt'otegn
airtrati' iiicoiipatilijtv wl'cl Inay contribttc to thet ixcitali.t (d the lateral-
dlirectional oscillationi hIs: Sclill paragre'pl 23i Ai h nline an xllt:s;e I'lomlpati-

hil~tw as edeneel If -O pekrsis1tent engine tor0'(111Ct i lor~ntre

Static Lonrgiludmral Stabilit

I5 S It ict;atic- ho'triiilims stillikov %ivctrsn.wre esiiat ( a t, e m itVirt
slitCiliedil in INC~ I with tlte aircraft stlalilimi t' ,i~ eri-( sip niion- 1!s tct Iliiqjie
described fin Appisulix 1) I est resellIs art, presentt-d Ii Fitiris, 4 i - . %piendiik I

Ith I hie static loll itildnal staillity , is indlicated 1%Is. In' ation (it 1I mivotmisfmnal
eotilposition ll ilt aitrpco'tl isi stable ait ill torn1 *Iirl(etLS tll k01111lil iss tcd

exckpt Ii 1(%-! fliltet at irspeeds, greate-r thtan I K, AS At 1pes 1.itian ;!w~
trin iirspeed the ,radiwrit nsas msarl,, liteil. liswvjf, Staticl'. , Jli1t~O
Wile ink-ctIIII, fte nlinillnontl retlimirenients ot %il It II i) A, app !I,- icit; wii
flitelit and ,0wi te . pled wih tile unsatisfactory CI c0lIotroI Ss Ikn t 1ties
icquiied consieal p)ilot comipensationi (Ilt(iIS St I oitiia tril; cruio,
tirspecil. I lit shetk stati,: onrilittal Adliit' J!~tiearpe s I .oin
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Static Laterai-l)ire'tional Stability

17. The static lateral-directional stability characteristics were evah,,tcd at file
conditions specified in Table I using tile techniques described in Appendix I). Test
results are presented in Figures 6 and 7, Appendix F.

18. Static directional stability was positive (increasing left directional control
position with increasing right sideslip) throughout the sideslip envelope for all trim
airspeeds and was satisfactory. )ihedral etf'ect was also positive (i'treasing right
lateral cyclic control position with increasing righ, sideslip) throughout the sideslip
envelope for all trim airspeeds and is satisfactory. [he side-torce charactertistics are
essentially the same as previously reported (Ret's 3 and I I, App A). The stat i.
lateral-directional characteristics are satisfactory.

Dynamic Stability

I). Longitudinal and lateral-directional dynamic stability characteristics were
evaluated at the conditions listed in Table I. A description of each test techlittILC is
givenl in Appendix i). Selected time histories are presented in Figures 8 through 12.
Appendix 1..

20. Ile longitudinal short-term gust response was essentially deadbeat tor all S'('AS
ON tests. SCAS OFF, the longitudinal pulse input excited the lateral-directional
11odtle and al de the slort-tcri response dit'ficult to evalate. Tlic longitudinal
short-term gust response, SCAS ON. met the requirements of NIIl.-Il-850 IA and is
satisl'.-ictorN for IN(' flight.

21. A lateral-directional oscillation (Dutch roll) was the principle aircraf't r'spnsc
to an external gust upset. Representative SCAS ON lateraf-directional short-rium
g st response is shown in Figures () through I I, Appendix I'. The aircraft exhibited
posilive but light damping il both roll and yaw. 'lhere was no tendetnc 1or ilie
aircralt to return to steady, level flight once the roll and yaw rates sudbsidcd. "'Iis
,ame characteristic w.,s observed during the qualitalivc evaluation in gusty air. Roll
at ittlide excursions of tip to 10 degrees in the IM(' environment were observed
which are sufficient to interrupt the pilot's normal instrument cross check sequence.
and i'esulted in the pilot concentrating on returning the aircraft to level flight. Sinc
the aircraft is easily upset in roll, the requirement to concentrate on roll attitude
control impacts on the pilot's ability to perf'orm other flight tasks siich as timing
radios, navigating, and maneuvering the aircraft during the approach phase of' the
flight. The lateral gust response of the All-IS (Prod) is a deficicni'y for INM(
operation.

22. lc couplcd lateral-directional oscillations with SCAS ()N lend to per,,isl
following a gust upset. This characteristic was bothersome in the Sinltlalted IM(
nvuronnient and precludeCd precise control of heading and roll attill. I InS
haricteristic is most bothersome while maneuvering the aircraft in holdin. pattens.

tr:icking from nax igation aids to the airfield, and when complying with ground
,ontiolled approach ((;('A) instructions. The existence of' persistlent
literal-diretlonal oscillation tails to meet tle requirements of paragraph 3 t,. V2 of
MI II -I-50) I A. The persistent lateral-directional oscillation characteristic Is
sh o t ctug Iin

23. Spiral stability characteristic, were evaluated S('AS ()N and were totind i he

inildly divergent. [inure 12, Appendix I is typical of the St 'AS ( )N -,,iltJlion aid
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light
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tcntoricd. NI]l t~isks ok t'rc ve rforttd in hot 11) -,ai I' h ti ,in ii II' i P ( I], c

Straight and Level Ilight

H.Uie hirst taisk wais to, perforin sj?-aitit and 1us I~kIllug: i ji arijit tast
cspolisc W~is pifnini w loll svitlisonuc Fhonor0 ALCuOi11,Iaiii g ;i~ I lit'II aH (Mlt di

Chaniged as much As Ictin dugrccs Uom tiuc trin coniditiont andi wn~tnt uiln.
lai;eril :ycli ipis It r 'ain a, svirns-lcvcl Attlitilc. Ih usc c,,s Jit miwa sinL ,111;i11,

t1%''.Ilii', %kcr,'ttit ic Irmt conitnol trittjoni IV:I. MIAii I ptuub* litilill I It_'

if t' tt'(JuIrc I ditlt aclic (Ith \ -s lh ;rtI 'Ic Ii~i~! h. t

SItidiIit Allt IC\,') liukht LhIIIII ic 'IT0ia'l \W1thili OIuL' i. oi.i
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fromii I 'to 3(1 erccs. Ilic Ln (IesirabhlI incIianicalI cliar., I kcrit.,, );itid
COnltribntced to tlic dittICLIlt\ of' pcrlormii.g fte staindard rAC tnIInS. I lic L'Sial)dOIshd
standard was achievahbic however, there was a highd pilot wvorkoai asocittd mvillI
tlic task MOIRS 6) and variationts o) 80 f'eet on assigned altit tide: were trequeICIlt I ie(

dlesiredl rolout hleading coUld he ac(Inlired within 10 degrees (HOIRS 6(

Coi'stant Ilcading (Climbs and D~escents.

28. ( linibs and decscenits were initiated fromi tiiiiincd lcscl tilit conditions at
9)0,11d 1 10 K lAS. ilc desired vcrtical speed wasS~t tccfet p~er nonI'ic \\hct power
was Added, tiL alirspeed imiiiIediately sI owci all tiicrec~i on tilec pit" Iliiiator. I'
torrec t tilie apparenlt airspeed variation. at't cvc was applied. "[he pitch Atttitde
also iltlic~Itedk J Slight nose ipl chlange aid tile rate of climb went rapidIN itii the
500 f'eet per minute condition anld reached approximuately 1200 f'eLt er intC.
The p)oweLr Was then reduced in anl etfort to cstablish thc desired ratc Of climb ( )i
reCtion110 ot' power, thc reverse affct Was nlOtcc InI thait Ildicatcct a11-irpcct
IIinTCdIIAtCl decreased indicating a rcqUircnicnt lour torwaid cyclic and w ith tile ncw
powecr sctting produced a elin ratc wkell bclowk tie targcl 50 I'LT) 11Cd pci 1itiutt
thcsc lactors, v.crc also cvil' w lucit a lcscl Otf it a preulCtCruniIICd alt 1It id c aI'

!),, f bnm 1Cd It nssiot po"SiblC to cotusistcentl\ level oil wfll thi 0 fc (It) lilt-
JtcSirt t altide, andl crrmrs :i. nuch as 200 fccvt wcerc cxper~kikciic III a 00-topot

cun.in) altitLndc, it waS nlot possiblc. ti achic~c a ,tahili/ci 50(0 lcct per nlilinnc
1AtC C: climb and COnltinntC to meet perfonnance statndards (I MIQ)RS - I I ret 13.
\ppCutdiX I. i, aS tittlc luistoi % conmparison bctwkcuu Ships iand boniti :iiispccd s\sIcntl.
[tic pilot h1cld tle Ship inldicatc.d airspeed constant Wlhile ,iutdlIIL FIR' [tc oont
, stcitt slowed 12 knots whtilce l(,Indicated airspeed rcunlaicdl cssclntiuIl 's

U.It a tc iicd [IVle Ilgc air'SpCC(l p1OSItiOti clior du1C to tRe Intiicncc'M Of pow C 01i 111Lth
pitot static sx- tvy I, a dct'cicc fur INI( fli'ltt.

Hielure- was anl additional f'actor Which cunttribtutcil to tilc ulit'cltuHCS aSsociate'd
itlis~bii~inthre aircraft ill a steady chldu. [ti cyclic trim cotrol posiiotis li~ c

sitl)staitiat lateral chan es with airspeed and power. [hlicsc lateral cycClic rcqilro-
tewnts Occur withi a control system that has undtlsirably high hrc.akotut p~ns fruct ot
rI d 'ti r csu it U I as11 t a II t aIith c Ichic positiont was contsitlLtiii1%c liiid' thtrotidhi

(lilt the iiianlctIVer due to airspeed anid pot- variations. Iblis itteicask-d 1tlc pilot1
woorkloai and was, part of fte reason satisfactor\ pcrtor111t.iucc Motld totf hC
,icli~CVed. I ariT l:utcIral trim chianizcs with powecr and airqpCCd mte ;i dhioricommiuu
prcvtoiislx disciissed paiaeraplt 131,

Climbinig and Ihseenlinu Standard Rate iiriis.

M). II 'h ipbn an1d k ICSCCndiofng1 trn wII 'Acre iilitijatcct trIoutlI trujitiuii hew) teh I 1t it
90t K lAS. Ic iliicltuCS idIcntifictl inl previous inlattCn'.crs \crc also C\ IdC1I 11ic
Ilhc lateral gus t re~spoISC of' tlmc aircraf't mtade hank aifilc. coti trot ,t Ontitut
problem Tic hank aingle could not heceontrolled withltt (I C dce-Ree I tue"1tC
pItI1t-tatio. probicemN dIsCnSSCd abovc cxiSted( anld. wiit comiubiuted %% lilt .1 t
Liintril, madle basic. aircrat't control extrcuiichv ilfficult utiuf ICeluuured Icl Itulot
muaxinium attention ( Il(.RS 8).

;1 I Ihe alttitde Inidicator is recessed Ililli tHe S-.11C tistumue tI p Ill HOW t Oit ilt'i
pibit. Ihere are reference muarks at 01 (vertical point ), 101. 2(), 30t. and 4; deugrcc hank
positions. [lie vertical retereto. is ant Inverted triangle camsly klisting!mitu ed I riii thme
other ret'erence marks which are -nerely short reference lines, of' iiniftormt thick~uss A
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the .'\ AIHS (Piod arc such that thii' airal't ctoisistfll dIIIlts (It NCI III

descending turns aI ifesiretl flank angle of 201 degrees was attcnmpted. lPuring one(
point in a descending turn, the hank angle reached 40 degrees helore it was
Corrected by the pilot. The roll response to gusting conditions iiiat decscerifiln
turns extreiely tllicult and in combination with pitot-static, erors and ploor
mechanical characteristics miade satislactorv acluinent of the desired staiidards
impossible. File Pilot's totail conicentration A~as devoted to maintaining aircraft
control (HOIRS 8).

SIMULATED) IFR FLIH'I

31) 'Fhe flight wash conduc~kted in) sMimlated MW N1'conditions' an ts,iJs ttit oiled h
thle approach control f'acility serving thle area. All routine commulinications associated
with an [FR flight were performed. Tlie gunner made sonie of' tile radlio calls and
wsas also responsible for copying clearances. Ilec did not fly thte aircrat'l at any t iiic
during tile IM( simulation due to the limied navigation and flight instruments as
well as the poor- flighit control characteristics at the guilters 5station. All radios and
navigationI eqLipmenCt were prettifed prior to takeoff'. The general flight scenarioi was
raidar seCk~~tor I a\( )R radial. intercept, trackiniig to thle V( R station, holding, and
termniualic with I a ztiN pproach.

11 ilNt prtth~lm enkcouItrd ),%as reriing the t11l: ctiiiiniicationis radtio
NXIlulniing was fl Ilotttind ht tho pilot since ill control ea~ds ~IlV located Inl theC At
o), kpit ( oritiol htaid locaiion is shiimM inl liet opeCittor nI 11 Ret , Appl AIIl

1 ,, It 1111 tIii I 1ll adito, tile p)ilot 11,l, t(' k k 1111 ii L 1auls 1 i ( l1 til' \ k lk anid I w

i11'- hik ( Il" I ICe 1 1 en IN i siei ured. I limimi t v lie, li ict t init t hit i[ itt to . xtli

;iillt tm Ill ,l I 10i) l-rikcs and was In A tfi l hV'IMree more siiJTa tici. irrenkc' %kere,
sC I t'll te .II I( i t tee t'1l1 fretnenCII was tinllsk set ( )nceT tlitI I t enil \I :I'
s l ,IeIk pilot t1,1ie thet Mtl 1mlincation or alternIlitiVelt, a IlVISCl th eittilo COI)I ice'

I ICpieiL'11\ t,%is not,% t illi( Stinir experieceLs weri' n)oted %k ienI )R t h tILICiefC\ Allk'
ranspitudei t lc ,hatng s ~s i~re requirt it. The transptidelct ,I tn rtik hea IO iA(11 ii iA,

partrhiciilarli had ill that It IIs adjacent 1 o thei pilots i'iti 00 ip 111 his h t, at ilil iii1iii'

rcattiii flit, ethic sett1im! %ken ditictilt and iiecessih~ttl heatd hu.iiientIWI Mlki 11

Itirdchat h I i liii sttiiti ittir~l OfV1 tiin ttid'1 ti i 111iitii tie Whf It.' I t

intititthi ltcahtiio '1 lte I Ill , VORN AlIt. antd trthislOItildc kihlitl liettis i'

it'InsiderL a tl. ii ;sIRCI it 10 \1( light1

it~tc ('CS) ,i l- tii ill(h right sidle panel alt ttI ilii' tu~trispttilerf lte 0ii11i1
lotcatittn is, slitii Ill liet 1iierrs m ital (Nit A11 'Xlt AXi .\iit iiti Ohil
ilistrictititipitt itt stitljIriS Cmlii ittt I'C nit0 il 1lie ieildi'hI\ toi S

isiJs CVsen ilot' ttisfcutuin to the pilot X Itill tirilptitit' lia(histitte it Is 11hIt
jiltsttlii'\litik tii IM()tihirtiois, biut it is trepiei-i l iiessaI\ IottI t' Ii1
rainl rihIttit s,\If it) Ii li-1 IN is htc't ttm ttii sahii citinil lie~d protittliltfilit- smit'

sitit is t slitrtlit i 1\1 t( itliitiofiN



Bas. nISCiavigationi was ectniely (diffilt ill tfit tlie turigiii. io 2~Vi itii dts
And orienting cliarts resulted in the pilot e'xceedil hg the0 eStablished pe ('01 IiiCe
standards consistently. Very little assistance was possible tromt the gunner since hie
Could not sve what frequencies were tuned ands~a unable to rctime to establish
location by intersect ion. D)ue to the tandem seatinge arrangenmen t. ieC wits Unable
to assist inl Setting LIP the iiecessary approach plate and was linn! ed to mloni toring
pertinent app'roachi informiation and advising thec pilot periodic:alls (luring the
approach. 'Flie All- IS (Prod) in its present coiiiigoratiuniis I herelia hasic-ally a
single pilot INI( aircraft. These difficulties were further complicated by the lack ot
,torairc space in the cot kpit. I lie necessarv chai~rts aind iC)prtach pkites could noit be
"ica'V11ed eoiectivelN . I akA ol storfige q)pICe iM 1 co1 '0( ; aI)I 10is 1 '11ortcou11ille.

40. D~uring tlie VOR holding and VOR approach portion it (lie f'light. r tiie
llR tasks created a workload sufficieiit to auetic pibl to 1'.:! to meec(t
pertormnance standards consistently. ( hangiiip thle course set tinpe onl Cie lioriion tal
Situation iiidicator (I1SI) and selecting the desired function on the 1151 coiitrol
panel took enough tinie aiid caused sufficient diStraction t11at1 lKIcdinul, and a1ttitude
changes occurred prioi to reestablisliig it cross check ot tligrit inst itinitu Ali\
rcquireilents inl txcess ',I' basic aircraft citrlt~icd thc pilol hc\ mcI !is



CONCLUSIONS

(,IN RAL

41. the All-I S tWrod), Mild b, iitferenltc file All- IS 11 CAS) me not eioiitlercJ
suitable tor fligh~t in Instrum11enit Mete orologicill cri)jjtIojs

DFFICJ3N ClES

42. thle fhlloawjn eig I -cien11cies assoera ted Wilit l\'iln thie AlIHIS (Prod) Ii IM( Nc
identithItLI

11 ln: poor CVCiL' conltol 1echanall' SN'SteurI characteristics (Imraagraph II

1) Iarvv ai speed posit ion error diie to filhe in11OM t 01ee ot p VI w l fihe pI~l
'I ati vsstem tparagraph 28)

The ealsik e~itd lateral gust response ( panapti 21I

d. Vertig!o-juinlilg toeAtion o1flk til1'lF. Vo)R. A,\t l d t~rpnl
contIrol heads ( paragoraph 3 7).

SHORCOMINGS

413. Illme folhoinig shortck.omings assoeiated uti t1 rlifg tile All- IS W Podh tInll %(
xs er ideiti ied

It. the persistent ILtrat-direetional os;cillation ixiraigrapin 22)

h. r'Ime literal trim chanlge Mith I arspeed and pov' er ( I ragraph 1 30

k. Hie k\Ceak static longituinral stahalits al cruise ;irspeed Cprkiih r

k[ [tie emguiarr n comnlxitiilit\ (paraeriph 14)

C \'rie-nttcrr katinrn of the I ( S conitrol inl r11d m'li lk .flM
switchr (11.iragralint 3M8

(* Ob~struictin of ittle %erticlk. eteCrCIIe Ilarkl nfn tilt' attlinninlitn
tImiii!tuilh .; i

Lack ot ,torage ,pace inl tilt cnnckpit area (In raeraj31

SPIIC(ATION (ONIPLIANC11

.44 \%ithmn thet scopet of~ this te'st, tint' Ail- IS (lodni) tlcitit tailed( h) [likt I h
tnh0s intMI' rentiiirviuneuts ot rurlitarN speciticatinni N l-I -1-8501 A

tL PI r;Ira In I1~ .2. (I - I onitiniitrrnk ni l il l 11i1lt Io\ ttniiV ut n's 11tnut k.
8. tondluu hil it h \ 8.0 po o v~rtunds ft~r m i tt All, ) IM pikIttitC(nIl) t'l Ill



b). Ilaragraph 3. 2. 7 - LongitUd Inal COntrolI bredkout I rlc ;H1 LIIt!l t1,gIrict iorm
exceeded the 1.50 lb maximum hy 2.5 lbs ( I percenit ). Also !A1l- it' 11ICLd
authoriZed deviationl ( Re!' 10, App A) (paragraph W)(

c. Paragraph 3.3.11: - Lateral controi :'ill thIill\ fork\ LC,~ l 'I 111 '0 1)pound
limit by 9.0 pounds lett and right ( 130 percent) 4 paragpraph Mt)

Ld. Paragraph 3.3.13 - Lateral control breakolut foirce I ic llm H iLtiorI
cxceedetl the 1.50 lb) maximum by 1 .5 lbs (1)00 p~rcentl A. A i .,ilcd :, mvWLI
authorized deviation (Ref' 10, App A) (paragraph 10)

e. Paragraph 3.6.1.1 - The aircraft exhibited a -i'tiIIiiA)dl
,Sci liaion ( paragraph 2 2).



RECOMMENDATIONS

45. I'.ic d ficiencies id nitilied in pjr.igaIph .42 ' mits(eoK I cdc, p i I
operation in IN(W.

40. hinc shortcomings idcntilicd in pmigrap h 43 shotild li cornick-tl pnnni
operation in IMC.
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APPENDIX B. AIRCRAFT DESCRIPTION

(.1N [RAt.

I I lie jest lieilcoptelI S, N 7(,-.' .5 3 \iI\ ;I piriduction \H IS 111 (li t Is 'I

I I I I s 4lI tI l k IlLII I e~ I 1 11 jixrl Ih tI ILI slitnIts

MAIN R()1OR IILAI)IS

I lie K-4 lltmain riltol IICs ittili/ A IIIJICCIiI 11IJIIIClt \W iIilI 11Il)C INs 11Jit

I 110tl1C\ hnnL\'t:111 COiI C i f ate~rhoth, andi a IKcdar 11r111111 CLhlIL spItIII. il CII s1

h\ i-thLrilss skiL A\t tile' inhoaril endl dive'klikatts carr\ I()tkIas toIl~ Ill aIIIIIIIHIiii
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I Ii lot I ~iC~ it R i IL' L ti' AL Willi~tl I l~ I )C, 1 is 11 t

I-i w i ti t1) I'W )sK 4- S thi( k Bol t til!\ citil \ I .

I w )o to I I fill(k llinlU % crtii \ 1-
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Vertical Fin:

Area 18.5 ft 2

Airfoil Special cambered
Height 5 feet, 6 inches

Wing:

Span 10 feet, 9 inches
Incidence 17 degrees
Airfoil (root) NACA 0030
Airfoil (tip) NACA 0024

Weight and Balance

7. The aircraft weight, longitudinal CG location arid lateral C(G location were
determined prior to testing. A fuel cell calibration was also performed prior to
testing. All weighings were accomplished with instrumentation installed without
external stores or chin turret weapons installed.
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Airspeed ( boom system)
Airspeed (ship's systemn
Mai n rotor speed
lii1girie torqueI
Engine turbine gas temperature
Frigine gas producer speed
Angle of sideslip

C'opilot Panel

Pressure altitLII (tid1e boom Steml)
Airspeed (boom systemn
Main rotor speed
Frngine torque
hi gine g'as producer speed
Total air temperature
lel uIsed

rime code diisplay
D ata system control

4. ile calibrated imstrUnlICetatiOln diSplaNed at tile ilot" K tamolm WdS UseCd
tllrouighouit the handlinig qutalities phase ol the test. [le pilot'\ ist rImmnen IpanelC
% as returned to tile standard C'obra confighuratlion ( Ref 5.App A) tkr t 1w test fl ighits
inIVOIlg I N1( mlanleuvers and evaluation.
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I

control deflection was reached, whichever occurred first. Collective Loil! Jo p)sitiM

was fixed at tile trini value and aftitude was allowed to vary. The trrr airspeed and
desired heading were maintained. All pertinent parameters were recorded on
magnetic tape. The static directional stability, dihedral effect, and side-force
characteristics of the aircraft were evaluated by plotting the variation of control
position and aircraft attitude as a function of sideslip angle.

l)ynamic Stability

7. I)ynamic stability tests were conducted to evaluate the short and long-period
response characteristics of tile aircraft. Short-period characteristics were evaluated to
determine aircraft response to sudden wind gusts and were simulated hy rapidly
displacing the cyclic control approximately one inch, holding the input for
0.5 second, then rapidly returning the control to the trim position while recording
the resulting aircraft responses on magnetic tape. Lateral-directional short-term
response was further evaluated by directional control doublets.

8. Longitudinal long-period characteristics were evaluated to deterinl.. the
aircraft's tendency to return to a trim condition after being disturbed. lIhe
long-period response was excited by stabilizing the aircraft on a trim condition with
torce trim ON and then displacing the longitudinal control forward or alt to effect
an airspeed change of approximately 10 knots. The control was then returned to
trim, and the resulting aircraft response was recorded on magnetic tape. I)uring the
response, controls were held lixed, but slight pressures directionally and laterall\
were used to maintain a constant heading ard laterally level attitude. 'lic
long-period response was evaluated at three trim airspeeds, and a positive and
negative airspeed change was tested for each point.

SIMULATED IMC FLIGHT

9. Simulated IMC flight was colducted to (lualitatively evaluate pilot workload.
Workload in the IM( environment was determined by selecting a task and
performance standard, (Ref 8, App A) and then assigning a tIQRS I1urn her
(Figure 1) based on the amount of pilot compensation necessary to achieve the
standard. The performance standards used were ± 100 feet altitude. 10 KIAS, and
± 100 heading. All tasks were performed from the pilot cockpit with all externrl
outside reference eliminated, and no assistance from the gunner.
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LOINGITUDINAL CONTROL SYSTEM CIARACTERISTICS
AH-IS USA SfN 76-22573

NOTES; 1. .RTOR STATIC
2. HYDRAULIC AND ELECTRICAL POlaR

PROVIDED BY GROUFIN UNITS.
3. LATERAL CONTROL POSITION

CENTERED DURING TEST.
4. CONTROL 10CES MELASURED AT

CENTER OF GRIP.
5. FORCE TRIM ON
6. TOTAL LON6ITUOINAL CONTROL

TRAVEL = 10.1 IN04ES

-.J

~30

25

20-: AVERAGE FORCE GRADIENT 2.5 LB..'IN.

15
is

C' 10 BREAKOUT INCLUDING

{ FRICTION 4.0 LB. AFT

S 0 I 3REAKOUTINLDG
FRICTION 4.0 L8. FWD

.0, TRIM CONTROL
15 DISPLACEMENT BAND 1.5 IN.

20

25

~30

0 1 2 3 4 5 6 7 8 910 11
FWD AFI

LONIITUDINAL CONTROL POSITION
(INCHES)



FI0JE 2
LATERAL CONTROL SYSTEM CHARACTERISTICS

AR-IS U3A S/N 76-22573

.NOTES: ,,.- ROTOR STATIC
2. NYVRAULIC AND ELECTRICAL POWER PROVIDED

BY GROUND UNITS
3. LONGtTUDINAL CONTROL POSITION CENTEPED

DORNG TEST
4. CONTROL. FORCES NEASIURED AT CENTER OF GRIP
5. FORCE TRIM ON
6. TOTAL LATERAL CONTROL TRAVEL - 8.5 INCHES

- 30

25

20 AVERAGE FORCE GRADIENT 2.5 LB./fIN.

10
BREAKOUT INCLUDING

S FRICTION 3.0 LB. AFT

P. = 0 BREAKOUT INCLUDIN(

.L FRICTION 3., LB. 'WD

-10
TRIM CONTROL

DISPI.ACEMENT &AND 1.5 IN.
15

20

25
..

w.30

0 1 2 3 4 5 6 7 a 9 10
LEFT RIGHT

LATERAL CONTRO, POSITION
(ImmI4S)
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3rATIC LATERAL-DIRKCI[ONAL 5rAblii1 T'

AH-IS USA S/N 76-22573

AVG AVG AVG AVG AVG FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR CONDIT;ON
WEIGHT LONG LAT ALTITUDE SPEED
(LB) (FS) (BL) (FT) (C) (PPM

0 9620 194.6(FWD) O.O(MID) 6460 13.5 324 CLIMB 74 KCAS
0 9560 194.r(FWD) O.O(MID) 6320 13.5 324 DESCENT 105 KCAS
A 9400 194W 5 WD" O.r(MID) 5440 13.5 324 AtjTROTATION 4

NOTE: TWO M65 4-TOW LAULNLiERT AND 1WO M?60
~ 10 LWL MOUNTED ON.. WIN6S

7 TOTAL LONGITUDINAL CONTROL TRAVEL = 10.1 INCHES

< 6
, -

0

C3'vh 5"
- L.J

4
32

3

7 TOTAL LATERAL CONTROL TRAVEL 6.5 INCHES

cc 6

IF RIG T

m- 4

5 TOTAL DIRECTIONAL CONTROL TRAVEL -6.0 INCHES

2! cr
C.,

7 4

~ 3

5j--

20 10 0 10 20
LEFT RIGHNT

ANGLE OF S[DFSLTP
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FIGURE 7
STATIC LATERAL-DIRECTIONAL STABILITY

Am-IS USA SIN 76-22573

AVG AVG AVG AVG AVG FLIGHT
GROSS CG LOCATION DENSITY OAT ROTOR ONt Dl.'N
WEIGHT LONG LAT AILTITUDE SPFFD
(LB) tFS) (BL) "(rT) -. ( C) (H'M I

9780 194.7(FWD) O.O(MID) 6140 13.0 324 LEVEL

NOTES: 1. TRIM CALIBRATED AIRSPEED ii- K '7
2. TWO M6b 4l-TOW LAkNCHEP

AND TWO M260 L.WI MOJJN;TF'P ON WN,,

S 0

TOTAL LONGITUDINAL CONTROL TRAVEL 10.1 INCHES

6

n c

~ ~ 5

00 =
4

C)

3J

TOTAL LATERAL CONfTROL TRAVEL 8.5 INCHFS

5

~z~ 4

5 TOTAL DIRECTIONAL CON4TROL TRAVEL 6.0 INCHES
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U 3u
L~a _lzj
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